Objective
The project had two main objectives. The first objective was to complete the implementation of an earthquake rupture generator based on the method proposed by Irikura and Miyake (2011) , also known as Irikura recipe (IM2011 method hereafter), in the BBP by extending its formulation to multi-segment rupture, and developing the software infrastructure. The second objective was to investigate the possibility of using the earthquake rupture generator as a standalone BBP rupture module that can be attached to other strong ground motion simulation methods already in use in the BBP. We successfully tested and validated the IM2011 multi-segment rupture generator in conjunction with Graves and Pitarka method (GP, hereafter) one of the BBP methods (e.g., Pitarka et al., 2017) , and performed simulations of the M7.0 2016 Kumamoto, Japan earthquake (Pitarka et al., 2019) .
IM2011 is the most popular method in Japan that is used to simulate strong ground motion from Japanese crustal earthquakes (ERC, 2016) . In response to technical requirements of the BBP, we made Irikura's rupture generator procedure compatible with multi-segment rupture modeling approach, currently being adopted by BBP. The recipe is now fully functional on the BBP. This project benefited from the collaboration of the PI with professor Kojiro Irikura of Aichi Institute of Technology, Japan, assistant professor Hiroe Miyake of University of Tokyo, head of the Japanese side of collaboration with SCEC, and Dr.Iwaki and Dr. Morikawa, researchers at NIED, during which we identified rupture parameters that needed to be adjusted and investigated.
Method
An essential part of the IM2011 method for simulating broad band ground motion from crustal earthquakes is its rupture generation procedure (IM2011 rupture generator, hereafter), which is based on the multiple-asperity concept of fault rupture. It uses three sets of parameters, named outer, inner and extra fault parameters, to characterize the rupture kinematics that are linked to the earthquake magnitude by empirical scaling laws. The BBP IRIKURA1 rupture generator module developed during this project is based on the IM2011. The module allows for multi-segment rupture and random locations of asperities, following empirical constrains. Analysis of its performance in simulations of broad-band ground motion in conjunction with the GP hybrid method, demonstrate that the IRIKURA1 rupture generator can be used to simulate Japanese and California earthquakes on strike-slip faults. Additional validation analysis using comparisons with GMPEs and selected crustal earthquakes performed on the BBP reveal that the IRIKURA1 rupture generator performs satisfactorily (see Figure 1,2,and 3) .
The IRIKURA1 software infrastructure that we built in the BBP comprises four modules. The first module is IRIKURA1 multi-segment rupture generator module. The second is the module for computing the low frequency part of ground motion. The third module computes the high frequency part of ground motion using stochastic Green's functions. The fourth module produces the final ground motion time history using output from the other three modules. The second, third and fourth modules are essentially the same as the ones used in the GP hybrid method that is already functional on the SCEC BBP.
Implementation of the Irikura 1 Rupture Generator in the SCEC BB Platform
We implement the multi-segment IRIKURA1 method in the BBP in two stages. In a first stage, we modified the single fault segment rupture generator module in order to extend its application to faults with complex geometry, including rupture segmentation with and without overlapping, fault branching and curved faults, while preserving the original IM2011 rupture parameterization. In our approach the rupture model parameters are initially generated using the original single-segment fault parameterization, and then draped to complex fault geometries with any number of segments. The draping preserves the rupture kinematics regulated by the recipe within each segment, while adding appropriate time delays to represent rupture jumps on adjacent fault segments. The code has the flexibility to generate a single SRF rupture model file for the entire rupture, or multiple SRF files corresponding to each fault segment. This will allow the users of the BBP to investigate contributions from individual fault segments on the simulated ground motion by running each segment separately or combined. The multi-segment rupture formulation was tested against GMPEs and recorded crustal earthquakes. In Figures 1-2 , we show comparisons between GMPEs and simulations on the SCEC BBP using ruptures obtained with the IM2011 single-segment and IRIKURA1 multi-segment rupture generators. In the framework of this project we simulated ground motion from the recent M7.0 2016 Kumamoto earthquake (Pitarka et al., 2019) . The earthquake ruptured three fault segments, and was well recorded by several near-fault stations.
In a second stage, in cooperation with scientists at NIED, we worked with the SCEC IT team and completing the implementation of the proposed IRIKURA1 module on the BBP, and assist in testing against recorded and empirical data following the BBP standard validation procedures (Goulet et al., 2015) . Figure 3 illustrates the performance of the multi-segment rupture generator in simulations of the Landers earthquake.
Figure1
. Comparison between the GMPEs and simulated spectral acceleration for M=5.5, computed on the SCEC BBP and averaged over 50 scenarios at a fault distance of 20 km and a reverse slip faulting mechanism. Upper panel: the earthquake rupture scenarios are generated using the single segment IM2011 rupture generator. Lower panel: earthquake rupture scenarios are generated using the newly developed IRIKURA1 multi-segment fault rupture generator. Figure 1 , but for M=6.6, and but for a fault distance of 50 km. Figure 3 . Comparison of goodness of fit plots of spectral acceleration computed on the SCEC BBP for Landers earthquake. We used 50 rupture scenarios obtained with the IM2011 single segment rupture generator (center panel), and IRIKURA1 multi-segment rupture generator, developed during this project.
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